Introduction
X-ray structural studies of binary transition metal complexes of purine nucleotides have revealed, with one exception [1] , direct coordination of the purine base nitrogen N(7) for all participating metal cations. In Cu(II) and Zn(II) complexes of 5'-nucleotides, which are polymeric, this metal-N(7) binding is augmented by direct metal-oxygen bonds to the phosphate groups of one or more neighbouring nucleotide molecules. The exception to the rule is provided by a Cu(II) complex of guanosine 3'-monophosphate (3'-GMP) in which only two of the four available base nitrogens N(7) in the structural unit {[Cu3(3'-GMP)2(3'-GMPH)2(H20)5]-7H20} are involved in metal binding. All three Cu(II) cations are coordinated by phosphate groups in this complex. In contrast, such metal-phosphate binding is absent in {[Cu(2'-GMPH)2(H20)]-5H20}« [2] . Several ternary copper nucleotide complexes, in which the second ligand is provided by a 7r-aromatic base such as dpa, bipy or o-phen, are dimeric with the nucleotide binding solely through phosphate oxygens [3] [4] [5] [6] . One of these complexes is [Cu(5'-IMP)(dpa)(H20)]2 [6] . In other 5'-IMP ternary complexes [7] [8] , however, metal complexation takes place exclusively through N(7).
These contrasting results indicate that a subtle interplay of factors (egs pH at complex formation, intra-and intermolecular base stacking, nucleotide conformation, hydrogen bonding) must be responsible for the observation of a particular binding 0340-5087/83/0800-0982/$ 01.00/0 mode in the crystalline state. We have, therefore, initiated a systematic investigation of the effect of variation of the sugar substitution in purine nucleotides upon the modes of binding. As part of these studies we have recently reported the characterisation of a nickel complex of 3',5'-cGMP [9] . In this paper we present the preparation and first structural characterisation of ternary transition metal complexes of purine 3',5'-cyclic nucleotides, namely [Cu(3',5'-cIMP)(phen)(H20)2][N03] • 2 H20 (1) and the charge-transfer complex [Cu(phen)2(H20)][3',5'-cGMP]2-9H20 (2) . It has been demonstrated that 3',5'-cGMP is involved in metabolic control and regulatory functions [10] .
Experimental

Preparation of 1 and 2
The complex 1 was isolated from an equimolar solution of Na(3',5'-cIMP) (Sigma Chemical Co), CU(N03)2 and o-phenanthroline in a closed vessel at a pH of 2.8. Deep blue prismatic crystals of 1 were precipitated after a period of 3-4 weeks.
Green crystals of 2 were harvested within 24 h from an equimolar aqueous solution of Na(3',5'-cGMP) (Sigma Chemical Co), CU(N03)2 and o-phenanthroline at a pH of 5.8.
X-ray structural analyses of 1 and 2
Crystal and refinement data for 1 and 2 are summarised in Table I . Intensity data were collected in the co-mode with graphite-monochromated CuKa radiation (A= 1.54178 A). Empirical absorption corrections based on azimuthal scan data were applied to the intensities. The structures were solved with the aid of Patterson and difference syntheses and refined by blocked full-matrix least-squares. Anisotropic temperature factors were introduced for all nonhydrogen atoms in 1. The positions of 9 water oxygens of crystallisation could be located in the crystal structure of 2 and these were included with isotropic temperature factors in the least-squares refinement. The remaining nonhydrogen atoms were assigned anisotropic temperature factors. Hydrogen atom positions were located and refined for 1 but not for 2. Weights were given by the expression w = k [a 2 (Fo) + gFo 2 ]-1 . Tables II and III list 
Discussion
The principal features of the structure of the cation [Cu(3',5'-cIMP)(phen)(H20)2] + are displayed in Fig. 1 . The copper atom is directly bonded to the purine base nitrogen N (7) [Cu(phen)2(H20)] 2 + and 3',5-cGMP form a 1 : 2 intercalation complex, two crystallographic asymmetric units of which are depicted in Fig. 2 . As a result of steric interactions between the 021 (021') and Cll' (Cll) protons (Fig. 3) , the phenanthroline planes in the cation are twisted at an angle of 36.2° with respect to one another. This means, of course, that the individual -B-I-B-stacks (B = base, I = intercalator) shown in Fig. 2 are similarly inclined. Thus the mode of stacking is different to the usual -BP-BP-I-BP-BP-I-sequence (BP = hydrogen bonded base pair) observed in polynucleotides saturated with single intercalators [11] . A reversed mode -I-I-BP-I-I-has been found in the 2: 2 intercalation complex between chloroterpyridineplatinum(II) and 5'-AMP [12] . The purine bases in the asymmetric unit of 2 are not directly hydrogen bonded to one another. They are, how- ever, both hydrogen bonded to the same intercalating cation through respectively N7--0W1 (2.88 Ä) and 06-0W1 (2.79 Ä) interactions. The structure of the first 3',5'-cGMP molecule is depicted in Fig. 4 . The second molecule displays an essentially similar .syw-conformation. Glycosidic torsion angles /CN of respectively -113.8° and -99.6° are observed for the two independent molecules. The crystal structures of 1 and 2 are stabilised by networks of hydrogen bonds.
Metal-phosphate binding is absent in both of the ternary complexes 1 and 2, as it is in the binary complex cation [Ni(3',5 / -cGMP)(H20)5] + [9] . It is, indeed, reasonable to expect that such binding will, in general, be less favourable in complexes of cyclic nucleotides than in other nucleotides. Only two phosphate oxygens, one of which is formally doubly bonded, are available for binding as compared to three in non-cyclic nucleotides. In addition, the conformational flexibility about the C5'-05' and 05'-P bonds, which is important for the optimisation of stacking interactions, is severely restricted owing to their participation in the six-membered ring. The importance of such interactions for the stabilisation of crystal structures of ternary metal complexes of nucleotides is emphasised by the ready formation of the intercalation complex 2. 
